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Haploid + diploid conditions parthenogenetic mouse and rabbit embryos have proceeded apparently normally to about half-way through pregnancy before regressing. Plasmogamy thus has reproductive importance. By contrast karyogamy has genetic importance. The full significance of karyogamy can only be properly appreciated when it is considered in relation to meiosis (Table 4 ). In the early stage of meiosis, crossing-over occurs between chromosomes of maternal and paternal origin, and thus new mixtures of genes are achieved; then, in the course of the two meiotic divisions the cell chromosome number is reduced to half, i.e. to the haploid state. In oogenesis half the chromosomes are eliminated in the polar bodies (for more details see Baker 1972) . Consequently the major effects of meiosis are the reassortment and elimination of genes. In this way unfavourable genes can be jettisoned, a process of survival value for animal species living in highly stable and restricted environments, but meiosis alone would be of little benefit for adaptive evolution since no new genes are introduced into the race and innovation can only come by mutation. On the rare occasions when the mutation is favourable the consequence would be the establishment of essentially a new race. Thus meiosis alone results in rigid uniformity, and combined with mutation it can give rise to an increasing number of divergent races. Fertilization (specifically karyogamy) on the other hand, involves the recombination of genes from two different sources and as a result it promotes integration within the species as a whole, yet allowing variation and favouring adaptive evolution. This is not of course true in self-fertile hermaphrodites, as in certain fish, but does apply so far as we know to all mammals. Finally, fertilization is responsible for the restoration of diploidy. Research on implantation has been carried out mostly on rodents, especially rats and mice. Because of ethical and technical difficulties very little work has been done on humans. Implantation in women is, in any case, a rather rare occurrence, although the preparation of the uterus for implantation occurs very regularly and is of considerable gynecological significance. This paper concentrates on the work we have done on the preparation of the uterus for implantation in the mouse.
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In all animals the ovum divides whilst passing down the oviduct and has developed to the blastocyst stage before arrival in the uterus, or soon afterwards. Initially, the trophoblast is pressed up against the microvilli of the uterine epithelium (Fig 1) . At the time of implantation the luminal surface of the uterine epithelial cells undergoes a characteristic change, with the disappearance of the microvilli so that close contact is established between the epithelium and the surface of the differentiate into decidual cells. The glands also differentiate so that they are in a secretory condition. This state of sensitivity is maintained for a _\very brief period, and then if implantation does not take place, the differentiated cells regress and are_removed, and a new cycle of preparation begins, starting as soon as the new follicle _ develops and continuing whilst the ovum is in the iduct. It consists of an orderly pattern of cell proliferation and differentiation in the three main tissues of the endometrium, lumen, glands and stroma, and is controlled by the sequential secretion of the ovarian hormones during the ovarian cycle. tcIn the account that follows, the pattern of horm)one secretion during the cycle in the mouse will be described and then an attempt made to Yropho tshow how this is related to the cellular changes in the endometrium.
The pattern of hormone secretion during the ovarian cycle is fairly well established both for the (Brown 1955 , Somerville 1971 trophoblast (Fig 2) . This is called the attachment 2' reaction, and takes place at a well-defined time after ovulation (Nilsson 1966 , Potts 1966 . For most of the cestrous cycle the uterus is hostile to the blastocyst and attachment cannot occur.
In some animals a similar close contact forms the ultimate union between the trophoblast and endometrium, giving the epitheliochorial type of placenta found, for example, in ruminants. In rodents and primates, however, the attachment stage is followed by passage of the blastocyst into the wall of the uterus so that it becomes enclosed S in the stromal connective tissue, the cells of which differentiate to form specialized epithelioid cells known as decidual cells (Fig 3) . In rodents decidualization of stromal cells requires a stimulus from the blastocyst, whereas in women it occurs as a normal consequence of the hor-mu u monal preparation of the endometrium during c f-t a the menstrual cycle. The nature of the stimulus in rodents is unknown, although it can be mimicked ofM Je by the injection of a small drop of oil into the uterus (Finn & Keen 1963) .
From this brief introduction it can be seen that by the time blastocyst has developed and arrived Fig 3 Embryo implanted in decidualizedstroma of in the uterus, the endometrium must be prepared mouse uterus. The uterine epithelium has completely so tat atachentto te sufaceof he eitheialdisappeared and giant cellsfrom the trophoblast (one so tht atachmet tothe urfac of he e Ith sa arrowed) are invading the decidual cells. (By courtesy cells can take place, and the stromal cell ofMrJBredl) cestrogen levels during the pro-cestrous or follicular phase, then a period in which there is very little hormnone, and finally a period of progesterone secretion combined with smaller amounts of cestrogenthe luteal phase cestrogen.
The next step is to consider the cellular changes in the endometrium, cell proliferation and differentiation. In the mouse and rat a characteristic pattern of mitosis is found in the endometrium in the period prior to implantation, shown in Fig 4 (Finn & Martin 1967 , Chaudhury & Sethi 1970 . In the luminal epithelium large numbers of cells undergo division during pro-aestrus and a few on Day 3 of pregnancy. In the glands, on the other hand, mitosis is at its height on Day 3 of pregnancy, with very few before this. Stromal cells do not undergo proliferation to any extent until Day 4, when large numbers of mitoses are recorded. This condition is continued on Day 5, the expected time of implantation and decidual cell formation. In the mouse, in order to get stromal cell division it is necessary for the animal to be mated, because they do not otherwise have a luteal phase to the cycle. This also applies to the rat but not to the guinea-pig, which has a long cestrous cycle similar to the ovarian cycle in the human. The pattern of mitosis has been investigated in the guinea-pig and a pattern found similar to that in the mouse (Mehrotra & Finn 1974) , though gland mitosis is more prominent.
Following proliferation early in the cycle the luminal epithelial cells differentiate in preparation for attachment of the blastocyst (Potts 1969) . is open and the microvilli on the epithelial surface are bathed in uterine fluid. Two days later, on Day 5, the lumen has closed so that microvilli from opposite surfaces are interlocked. This closure reaction is very typical and we call this the first stage of closure ( Fig 6) . On the next day there is a further change, shown in Fig 7. A very characteristic differentiation of the luminal surfaces of the cells has taken place with the disappearance of the microvilli and the formation of a complex luminal channel, with the opposing membranes in close apposition. This we call the second stage of closure and it presumably represents the differentiation of the epithelial surface associated with attachment of the blastocyst.
The next problem is to determine how this proliferation and differentiation are controlled by the ovarian hormones and to relate the cellular changes to the pattern of secretion during the cycle.
To do this we injected ovariectomized mice with ovarian hormones and counted the number of cells undergoing mitosis in the various tissues of the endometrium (Martin & Finn 1971) . We found that if cestradiol was injected for one or -_s ,I , much lower than those found in early pregnancy.
In order to obtain comparable numbers to those in pregnancy it was necessary to give a small dose of cestrogen on the third or fourth day of progesterone treatment. Thus apparently all three hormone parameters of the cestrous cycle are concerned in bringing about stromal mitosis on Days 4 and 5 of pregnancy.
We next turned our attention to the changes on the luminal surface of the epithelial cells and attempted to reproduce them in ovariectomized .:. A|imice with exogenous hormones (Pollard & Finn 1972 ). We found that the first stage of closure could be induced by the administration of pro-4 i i gesterone for three or four days. Longer administration of progesterone did not cause any further change in the lumen. In order to get the second stage of closure it was necessary to give a small quantity of cestradiol in addition to the progesterone. Priming with cestradiol before the administration of progesterone did not allow the differentiation into the second stage, although animals which had been primed went into the second stage sooner when progesterone and cestradiol were given subsequently (Finn & Fig 6 Electron micrograph ofthe uterine lumen on ). Day 5 ofpregnancy in the mouse. The lumen (L) is closed and the microvillifrom opposing surfaces interdigitate. (By courtesy ofDr Alan Lawn.) x 24 000 two days large numbers of luminal epithelial cells underwent mitosis, the maximum response being 24 hours after the first injection. Gland cells, on the other hand, did not divide until 72 hours after the second injection (Finn & Martin 1973) . This was rather surprising because it indicated that gland proliferation was a delayed response to ce,strogen in the mouse. If progesterone was given after the oestrogen the gland mitosis did not occur showing that it is necessary to have an interval _ after the cestrogen treatment in order to get gland mitosis.
From these results it was apparent that the high levels of luminal mitosis during pro-cestrus and glandular mitosis on Day 3 of pregnancy are in response to the secretion of cestrogens during the follicular phase of the cycle. The next problem was the stromal mitosis, which for obvious reasons we suspected was induced by progesterone. We therefore injected progesterone into ovariectomized mice (Martin & Finn 1968) 2. ti and rather surprisingly found that this did not cause proliferation of the stromal cells even if treatment was given for several days. Electron micrograph ofuterine lumen (L) on ever, if daily injections of progesterone were Day 6 ofpregnancy in the mouse, distantfrom a given after priming with cestradiol then there was blastocyst. The microvilli have disappeared and the some s m m soapposed surfaces ofthe epithelial cellsform a very some stromal mitosis on the fourth day Of procomplex channel in which the lumen is almost gesterone treatment, although the numbers were obliterated. (By courtesy ofDr Alan Lawn.) x 26 000
From these results we are fairly sure that it is the orderly secretion of hormones during the cycle which controls the pattern of cellular changes in the uterus. However, these results do not show whether the hormones are all necessary for the final sensitization of the endometrium, the ability to decidualize or a blastocyst to implant. In order to get information on this we used the oil decidual cell reaction. Ovariectomized mice were treated with ovarian hormones on various schedules and then a drop of oil injected into one horn of the uterus and the decidual response assessed (Finn & Martin 1969) . We found that in order to get maximum decidualization it was necessary to prime the animals for three days with cestradiol, then after an interval of two or three days to give progesterone plus cestradiol: following, in fact, the hormone secretion found during the ovarian cycle. It is possible, of course, to do similar experiments using transferred blastocysts instead of oil (Psychoyos 1967 , Humphrey 1969 , and this is closer to the natural situation, although it makes it more difficult to quantify the response. Nevertheless it has shown that the conditions which are optimum for the oil decidual cell reaction are also very good for attachment and implantation of transferred blastocysts.
Another way in which the necessity for luteal phase cestrogen can be shown, in fact the way it was originally shown in the rat (Cochrane & Meyer 1957 , Canivenc & Laffargue 1957 , is to ovariectomize pregnant mice approximately 72 hours after mating and then administer exogenous progesterone. This produces a condition of delayed implantation in which the blastocysts remain alive but dormant and do not attach or implant in the endometrium unless a small quantity of cestrogen is given. Progesterone alone holds the uterus in a presensitized condition but in order to get the transition to attachment cestrogen is required. After attachment the blastocyst is stimulated to continue its development.
The next problem, therefore, is: how does the cestrogen stimulate development of the blastocyst? Several theories have been suggested to answer this question (McLaren 1973) . One suggestion is that the cestrogen initiates the synthesis of a stimulatory substance by the uterus, presumably a protein; while another is that without cestrogen the uterus produces an inhibitory substance which prevents the blastocyst implanting and cestrogen negates synthesis (Psychoyos & Bitton-Casimiri 1969 , Weitlauf 1973 .
We were very interested in determining whether either or both of these hypotheses could account for blastocyst activation and implantation. To do this we have been investigating the effect of the antibiotic actinomycin D on implantation (Finn & Bredl 1973) . This drug blocks the transcription of RNA in the nucleus and thus interferes with the direction of protein synthesis in the cytoplasm. If, therefore, cestrogens stimulate blastocyst activation and implantation by the synthesis of a specific protein, then the administration of actinomycin D should prevent implantation when administered before or at the same time as the aestrogen. This did not occur. The early stages of the implantation reaction, attachment of the trophoblast ) and the Pontamine Sky-Blue reaction (Finn & Martin 1972) occurred in the presence of the drug, although the later stages of the reaction, decidualization and epithelial degeneration (Finn & Martin 1972) , were delayed.
If the second hypothesis (that before the administration of the oestrogen the uterus is synthesizing an inhibitory substance) is correct it should be possible to stimulate implantation of blastocysts during delay by the administration of actinomycin D. This was tested by ovariectomizing pregnant animals before implantation and maintaining the blastocysts in a state of delayed implantation by the administration of a progestin, and then giving a single dose of actinomycin D (Finn 1974) . This resulted in implantation and activation of the blastocysts in about 70% of animals, suggesting that the action of the luteal oestrogen in the mouse involves the removal of an inhibition to the blastocyst, which maintains it in a state of dormancy.
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Control of Human Ovulation, Fertilization and Implantation
We have been studying the earliest stages of human development, including aspects of follicular growth, ovulation, fertilization, cleavage of the embryo and implantation. The primary clinical intention of the work is to attempt the cure of certain forms of infertility, especially those due to the occlusion of the fallopian tubes, oligospermia, and some other conditions. For this purpose, a great deal of information is needed about human physiology, for example the timing of ovulation or the requirements for culturing ova, since the cure of these conditions demands the reimplantation of cleaving embryos into the mother. All the work carried out on reimplantation of embryos has involved the use of the oocytes and spermatozoa from a wife and her husband. Our further intention is to gather as much knowledge as possible about these early stages in human growth because their detailed analysis would help in understanding or developing certain methods of contraception, and the origin of certain genetic anomalies during early development.
Several major difficulties had to be overcome before these clinical approaches could be established. Major difficulties concern the collection of oocytes from the ovary by an acceptable surgical method, and the exact timing of the preovulatory changes in follicles so that oocytes could be collected just before ovulation. If ovulation occurred in patients with occluded oviducts, the oocyte would have been lost in the abdominal cavity; if the collection was made too soon, the incompletely matured oocytes may not have been capable of implantation, a phenomenon well known in animals. Laparoscopy is used for oocyte collection (Steptoe 1969) and is timed just before ovulation is expected. The timing of ovulation was judged by studies on the maturation of oocytes in vitro and could be predicted to occur some 36-40 hours following the treatments of patients with gonadotrophins (Table 1) (Edwards 1973). The use of gonadotrophins for the cure of amenorrhoea and oligomenorrhoea has been amply described by Gemzell, Lunenfeld, Crooke and their collaborators, and the methods applied in our work to patients with a normal menstrual cycle were essentially similar to theirs. Our initial studies thus involved the use of human menopausal gonadotrophin (HMG: Pergonal, G D Searle & Co) as a means of stimulating follicular growth, followed by the use of human chorionic gonadotrophin (HCG: Pregnyl, Organon) to stimulate ovulation.
Response ofPatients to Gonadotrophins
We will describe the response of patients to this form of treatment. The amount of HMG did not exceed 1125 iu in any patient during one course of treatment and a single injection of HCG, usually 5000 iu, was given to induce ovulation. In some patients, clomiphene was used as an alternative to stimulate follicular growth, followed by an injection of HCG to induce ovulation. The excretion of urinary cestrogens was used to follow follicular changes in the ovary, based on the methods described by Brown et al. (1969) , and assays of urinary pregnanediol were used to determine the activity of the corpus luteum. Estimates of plasma levels would have provided more valuable data than urinary assays, but could have imposed repeated trauma on our patients. 
